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We conducted a prospective, randomized trial of three methods of rewarm- 
ing patients after hypothermic cardiopulmonary b pass. Patients under- 
went either coronary artery bypass grafting or first-time valve replacement 
and were cooled to 32 ° C during bypass. No significant differences existed 
among the groups as regards operative or preoperative parameters includ- 
ing hemodynamics and blood use. The patients actively warmed with a 
convective (Bair Hugger system, 3 hours)or a conductive blanket (electric 
overblanket, 4 hours) reached normothermia more quickly than those 
warmed with the space blanket (7 hours). This was reflected in significantly 
earlier extubation i  the former two groups: Bair Hugger system 10.8 ± 0.6 
hours, electric blanket 11.3 ± 1.0 hours, and space blanket 14.8 --- 0.8 
hours. Patients warmed with the space blanket required a higher dosage of 
morphine over the first 12 hours than those warmed with the electric 
blanket (10.4 vs 6.5 mg; p = 0.004), which may account for some of the 
differences between these two groups. No differences could be demonstrated 
between the two active blankets. On economic grounds we therefore 
recommend the reusable electric blanket for routine use. (J THORAC 
CARDIOVASC SURG 1996;111:637-41) 
S ince the introduction of hypothermia into rou- tine cardiopulmonary b pass (CPB), margins of 
safety for cardiac operations have greatly im- 
proved. 1 Theoretically, the attenuation of the in- 
flammatory response, 2 reduced noncoronary collat- 
eral flow, and the longer "safe" circulatory arrest 
periods in case of catastrophies have made hypo- 
thermia an indispensible addition to the surgeons' 
armamentarium. 
Despite being warmed systemically at the end of 
CPB, patients invariably arrive in the intensive care 
unit with some degree of hypothermia. The time 
taken to reach normothermia passively is then de- 
pendent on the cardiac output, vascular esistance, 
body mass, surface area, and ambient emperature. 
External heat is another means of speeding up this 
process, but little work has been published to date 
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on this aspect of postoperative care. Early attain- 
ment of normothermia not only would improve 
hemodynamics and gas exchange but also should 
improve hemostasis, which would lead to more rapid 
weaning from the ventilator. 
We conducted a randomized prospective trial 
comparing three commonly used methods of re- 
warming patients in the intensive care unit. The 
aluminum foil blanket is the most commonly used 
method and theoretically acts by reflecting heat 
generated by the body, thus reducing loss to the 
environment. The electric filament blanket works by 
direct transfer of heat to the patient. The Bair 
Hugger conVective heating system (Augustine Med- 
ical, Inc., Eden Prairie, Minn.) creates a microenvi- 
ronment around the patient by pumping air of 
varying temperatures into a specially constructed 
blanket. Settings can be changed to meet require- 
ments, ranging from 32 ° C to 42 ° C. 
Methods 
Ninety patients undergoing hypotbermic CPB for c0r- 
onary artery grafting (n = 72) or valve replacement (n = 
18) were randomized into one of three groups. Group I 
had passive rewarming with an aluminum space blanket, 
group II active rewarming with a reusable lectric over- 
blanket, and group III active rewarming with the Bair 
Hugger convective warming system. The latter was set on 
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Table I. Comparative patient data, with significance of t test between groups 
Group I Group H Group III t Test 
Age (yr) 61.6 -+ 1.6 62.5 _+ 1.6 61.8 + 1.3 NS 
Range 42-77 46-79 48-75 
Male:female 18:08 20:09 19:10 NS 
Body surface area 1.79 -+ 0.03 1.8 _+ 0.03 1.9 + 0.09 NS 
Bypass time 65 -+ 4 69 _+ 3.3 73 ± 4.2 NS 
Ischemic time 40 ± 2.7 45 ± 2.6 46 ± 3.1 NS 
Blood loss (ml) 637 _+ 55 627 +_ 47 605 ± 60 NS 
Blood usage (ml) 135 +- 37 137 _+ 38 163 + 42 NS 
Colloid usage (ml) 617 ± 116 667 _+ 161 516 ± 98 NS 
Time to extubation (hr) 14.8 -+ 0.8 11.3 _+ 1.0 10.7 ± 0.6 p = 0.0002,* 
p = 0.009t 
All parameters are given as mean _+ standard error of the mean. NS, Not significant. (p > 0.05). 
*Group I versus group III. 
tGroup I versus group II. 
high until the core temperature reached 37 ° C and was 
then reduced to low. 
CPB was conducted at 32°C with a Stockert-Shiley 
roller pump (Shiley, Inc., Irvine, Calif.) and a hollow fiber 
membrane oxygenator (Bard HF 5700, Bard Cardiopul- 
monary Division, Tewksbury, Mass.). Crystailoid prime 
was used in all cases and full flows were maintained at a 
rate of 2.4 L/m 2. Myocardial protection was with multid- 
ose cold crystalloid cardioplegic solution (St. Thomas' 
Hospital solution). Anesthesia was induced with fentanyl 
10 to 20 /xg/kg and etomidate 0.2 to 0.4 mg/kg and 
maintained with enflurane and propofol during CPB. 
Pancuronium was used for muscle relaxation. 
Patients were warmed to 37 ° C during CPB and trans- 
ferred to the intensive care unit before the appropriate 
blanket was used. All patients were given a glycerin 
trinitrate infusion (10 to 50/zg/kg per minute.) If hyper- 
tension was a problem after the operation, the infusion 
rate of glycerin trinitrate was increased and analgesic and 
sedative drugs were administered if appropriate. Resistant 
hypertension was managed by an infusion of sodium 
nitroprusside, titrated to maintain a systolic blood pres- 
sure of 110 to 130 mm Hg. Hypotension unresponsive to 
optimization of filling pressures was initially managed by 
increasing doses of dopamine to 15 tzg/kg per minute. If 
this was inadequate, epinephrine infusion was begun. 
Sequential determinations of blood pressure and urine 
output were used to titrate the doses of inotropic drugs. 
Mean blood pressures below 50 mm Hg were treated by 
increasing the inotropic agents. 
Morphine was primarily used for analgesia in incremen- 
tal doses of 2 to 4 mg, with 1 to 2 mg of midazolam for 
sedation. If clinically apparent shivering was noted, 2 mg 
doses of vecuronium bromide were given. Propofol infu- 
sion was used if these measures were believed to be 
inadequate and prolonged ventilatory assistance was be- 
lieved to be necessary. 
During the first 18 hours after the operation, routine 
hemodynamic parameters were monitored, including 
heart rate, arterial blood pressure, central venous pres- 
sure, urinary output, blood loss, and blood and colloid 
replacement. Core temperature was measured with a 
nasopharyngeal probe and peripheral temperature was 
measured at the big toe. These temperatures are routinely 
used to monitor cooling and rewarming during CPB in our 
unit. Swan-Ganz thermodilution cardiac output catheters 
(Baxter Healthcare Corp., Edwards Div., Santa Ana, 
Calif.) were inserted only if difficulty was experienced in 
weaning patients from CPB and particularly to monitor 
the introduction of mechanical or inotropic support. Pa- 
tients were extubated when they were in hemodynamically 
stable condition, not bleeding, fully rewarmed, breathing 
spontaneously, and obeying commands. 
Results are presented as mean _+ standard error of the 
mean. Statistical analysis was performed with the un- 
paired Students' t test on software of Microsoft Excel 
version 5.0 (Microsoft Corporation, Redmond, Wash.), 
and significance was accepted at a p value less than 0.05. 
Results 
Eighty-four patients completed the study proto- 
col. Because of the nature of the treatments, blind- 
ing of the nursing staff to the protocol was impossi- 
ble and may have introduced an element of bias into 
the study. Four patients were withdrawn because of 
poor cardiac output necessitating inotropic or me- 
chanical support and long term mechanical ventila- 
tion for more than 48 hours. Two others were 
excluded because of surgical bleeding necessitating 
rethoracotomy. Group I comprised 26 patients, 
group II 29, and group I I I  29. They were well 
matched for age and sex. There were no significant 
differences in any preoperative or operative patient 
characteristics (Table I). No statistically significant 
intergroup differences were found for the mean 
hourly values of heart rate, blood pressure, central 
venous pressure, urinary output, inspired percent- 
age of oxygen, or arterial partial pressures of oxygen 
or carbon dioxide (smallest p value on t test was 
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Table II. Analgesic, sedative, muscle relaxant, and vasoactive drug use during the first 12 hours 
Group I Group H Group III t Test 
Morphine (rag/12 hr) 
Morphine (rag/6 hr) 
Midazolam (rag/12 hr) 
Propofol (No. of patients) 
Vecuronium (No. of patients) 
Epinephrine (No. of patients) 
Nitroprusside (No. of patients) 
10.4 _+ 1.1 6.5 _+ 0.8 8 _+ 0.8 
5.4 -+ 1.2 4.4 _+ 0.7 5.6 _+ 0.8 
7.2 _+ 0.8 5.6 _+ 0.7 5.7 -+ 0.7 
2 1 3 
3 1 2 
0 1 1 
4 3 2 
p = 0.004* 
p>0.1  
p>0.1  
*Group I versus group n. 
0.12). Similarly, the mean hourly infusion rates of 
nitrate or dopamine failed to differ significantly, 
although the trend was toward a higher mean do- 
pamine infusion rate at 2 to 3 hours in group III 
than in group I (2 hours: 4.2/~g/kg per minute in 
group III vs 3.9 t~g/kg per minute in group I, p = 
0.08, 3 hours: 3.9/~g/kg per minute in group III vs 
3.6 ~g/kg per minute in group I,p = 0.10). Epineph- 
rine infusion was used in two patients only and 
nitroprusside in nine (Table II). These patients were 
evenly distributed among the groups. Sedative and 
muscle relaxant use was equal between the groups, 
but there was a significantly higher use of morphine 
over the first 12 hours in group I than in group I! 
(10.4 _+ 1.1 mg vs 6.5 + 0.8 mg;p = 0.004), with a 
similar trend when compared with group III (8.0 + 
0.8 mg;p = 0.08). 
In the postoperative phase, although there was a 
trend toward higher blood use (amounting to 30 ml 
per patient) and lower colloid requirements in pa- 
tients warmed with the Bair Hugger system (150 ml 
per patient), these differences did not reach statis- 
tical significance (see Table I). The major differ- 
ences seen were in the rate of rewarming in the 
three groups, with the active methods being far 
superior. The Bair Hugger system was significantly 
better at 2 hours and the electric blanket at 3 hours 
(Fig. 1). The space blanket ook an extra 4 hours to 
fully warm the patients. When the peripheral tem- 
peratures were examined, the Bait Hugger system 
was the only method not to display the early de- 
crease seen with the other two blankets (Fig. 2). This 
difference was statistically significant from the out- 
set and lasted until the fifth hour. The time to 
extubation was significantly shorter in the two ac- 
tively warmed groups (Table I). There was no 
difference between the two active warming methods, 
but the patients were extubated 3.5 hours (electric 
blanket) and 4.1 hours (Bair Hugger system) earlier 
than the space blanket group. 
Discussion 
It is widely believed that early rewarming after 
hypothermic CPB is desirable to expedite recovery. 
The recent trend toward warm heart surgery pio- 
neered in Toronto 3' 4 does show major benefits from 
early rewarming in terms of shorter duration of 
ventilatory support. This method, however, has not 
gained widespread popularity. In a recent survey of 
CPB procedures in Australia, all units used some 
degree of cooling during cardiac operations. 5 This 
probably also reflects the majority view in Europe 
and the United States. 
In a recent study of patients after heart opera- 
tions, Mort, Rintel, and Altman 6 found reduced 
shivering and oxygen consumption if convective 
methods of warming were used in the postoperative 
period. Their requirements for sedative and muscle 
relaxant drugs were also reduced in this study. The 
prevalence of shivering was minimal in our study 
and warranted treatment in only six patients, with 
none of the methods being immune. This low inci- 
dence of shivering may have been due to the pa- 
tients being cooled to only 32 ° C during CPB. Their 
core temperatures were on average just under 35 ° C 
on return to the intensive treatment unit. The 
hangover effect of the muscle relaxants also may 
have contributed to this low level of shivering; in 
previous published studies, extended rewarming 
during CPB to core temperatures of 38.5°C has 
been shown to reduce though not abolish the shiv- 
ering response. 7 
The more rapid rewarming by active means is in 
general agreement with other published reports, s'9 
These have shown that both core and peripheral 
temperatures reach extubation criteria more rapidly, 
although whether patients were in fact extubated 
earlier is not clear. The use of a radiant heat source 
from the ceiling was also beneficial in the studies 
published by Joachimsson, Nystrom, and Ty- 
den.re' 11 In these patients cooled to 25 ° C, reduced 
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Fig. 1. Mean hourly changes in nasopharyngeal temperature over the first 10 hours. Unpaired t test: 
*group I versus III, p < 0.05; • group I versus II, p < 0.05. ITU, Intensive treatment unit. 
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Fig. 2. Mean hourly changes in big toe temperatures. Unpaired t test: *group I versus III, p < 0.05; group 
I versus II, p < 0.05. ITU, Intensive treatment unit. 
oxygen consumption and carbon dioxide production, 
lower shivering scores, and more stable hemody- 
namics were found. Our patients who were warmed 
actively reached extubation temperatures at be- 
tween 3 and 4 hours, whereas those warmed pas- 
sively took a further 4 hours. Although hemody- 
namic parameters measured were not statistically 
different, use of dopamine tended to be more com- 
mon in group I I I  than in group I. This difference did 
not reach statistical significance; however, the nuts- 
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ing staff would be expected to administer dopamine 
to control the fall in blood pressure caused by 
vasodilation induced by the convective warming 
system. Similarly, the increased trend of blood use 
but lower colloid replacement could be explained by 
the reduction in capillary permeability in the 
warmer group, leading to retention of more fluid 
intravascularly and thus hemodilution. This would 
be registered as a low hemoglobin value, which 
would prompt blood rather than colloid transfusion. 
Inasmuch as there were no significant differences in 
hemodynamics, blood loss, or gas exchange, it can only 
be postulated that the metabolism of anesthetic agents 
is improved at these temperatures, allowing the patient 
to cooperate fully in his or her own ventilation. The 
doses of morphine administered over the first 6 hours 
were not significantly different among the groups, 
although the cumulative doses over 12 hours were 
statistically higher in the patients warmed with space 
blanket (see Table iI). On questioning patients while 
they were still intubated and after extubation, we 
learned that the majority waking up at lower temper- 
atures expressed a feeling of discomfort and lethargy 
and a greater awareness of pain, which disappeared 
after a dose of opiate. When they awoke a second time 
at normothermia, they felt much more able to tolerate 
spontaneous ventilation and were then extubated. This 
would obviously have a bearing on extubation times 
because patients waking up during this period may not 
have been fully cooperative and fit for extubation until 
full rewarming had been achieved. This was the pre- 
dominant pattern of events seen leading to delayed 
extubation. 
Although the differences were statistically signifi- 
cant, the extubation times in our groups varied only by 
3 and 4 hours, which does not translate into significant 
differences in cost efficiency. The potential benefits to 
patients not restricted to being cooled to 0nly 32°C 
may be more obvious. Published reports of early 
extubation of patients have stressed the importance of 
savings accrued from shorter intensive care stay to- 
gether with the productivity loss caused by the "inten- 
sive care unit gridlock" scenario, with caricellation of 
cases because of bed shortage. 12' 13 
The comparative costs of the three blankets how 
that the space blanket is the cheapest (£1.05, $1.72) 
and the Bair Hugger system the most expensive 
(£12.40, $20.30). The initial outlay for the convective 
heating unit is £1275 ($2091), whereas the electric 
blankets retail at £42 ($68.90) each but can be safely 
used for more than a year. The theoretic disadvan- 
tage of infection transfer has not been borne out in 
our experience, and no burns to the patient have 
been noted. The practice of enclosing the electric 
blanket in normal cotton sheets may be important in 
this context and does not impede heat transfer. It 
would therefore seem that the reusable electric 
blanket is the most cost-effective form of rewarming 
in this group of patients. 
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